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1

SPACE-SAVING BROADBAND RESONATOR
HAVING A RESONATOR INSERT

TECHNICAL FIELD

The present mvention relates to space-saving broadband
noise reducing resonator for an air intake systems of pas-
senger vehicles, motor vehicles, fuel cell vehicles, and
ofl-road equipment.

BACKGROUND OF THE INVENTION

Resonators are known for use 1n air inductions system and
may be applied to reduce the amplitude frequency spectrum
ol air pulsations. A resonator can be configured to resonate
at, suppress or reflect sound waves at one or more frequen-
cies so as to eflectively modily the sound characteristics of
the air intake system.

Known resonators are separate or additional components
air intake system components which compete for the limited
installation space or packaging spacing inside the engine
compartment or vehicle space i new vehicle designs.
Known are resonators that are generally acceptable for their
intended purposes. However, 1n some applications, espe-
cially in new vehicle designs, sometimes the required space
1s not available to for adding a resonator into a design when
one 1s required by the design or the customer, particularly
when the available installation or packaging space 1s very
tight or limaited.

There remains a need 1n the resonator prior art for an new
cllective solution to the packaging space problem in new
vehicle designs. Such a solution would fulfill a long felt
need.

SUMMARY OF THE INVENTION

A primary objective of the present invention 1s to provide
space-saving broad band resonator which can be incorpo-
rated into other air intake system components and thereby
reduce or preferably eliminate the need for installation or
packaging space, particularly when the available installation
or packaging space 1s very tight or limited.

Another objective of the present invention 1s to provide a
broadband resonator having a resonator msert configured to
install mto the interior of an air duct system such that a
component of the air duct system forms an outer wall which
closes off a radially outer circumierence of the resonator
chambers to form a resonator casing, copperating with the
resonator insert to eflectively form a resonator.

Another objective of the present invention 1s to provide a
broadband resonator having a resonator insert having a
rotational alignment locking structure configured to engage
a projection feature of the air duct system to enforce a
desired fixed rotational alignment of the resonator insert.

Another objective of the present invention 1s to provide a
broadband resonator having a resonator 1nsert provided with
at least one snap locking tab configured to snap mount the
resonator insert i the air duct component forming the
resonator casing, to mount the resonator insert at a {ix axial
position 1n the air duct component.

The above critical advantages of the inventive disclosure
and other critical features are disclosed in description pro-
vided herein and i1n the drawing figures of the present
application.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying Figures, where like reference numer-
als refer to 1dentical or functionally similar elements
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2

throughout the separate views and which together with the
detailed description below are incorporated in and form part

of the specification, serve to 1further illustrate various
embodiments and to explain various principles and advan-
tages all 1n accordance with the present invention.

Features of the present invention, which are believed to be
novel, are set forth 1n the drawings and more particularly in
the appended claims. The invention, together with the fur-
ther objects and advantages thereof, may be best understood
with reference to the following description, taken in con-
junction with the accompanying drawings. The drawings
show a form of the invention that i1s presently preferred;
however, the invention 1s not limited to the precise arrange-
ment shown in the drawings.

FIG. 1 depicts a side perspective view of a resonator msert
of the broadband resonator, consistent with the present
inventive disclosure:

FIG. 2 depicts another perspective view of the resonator
insert of the broadband resonator, the view taken at an
opposite axial end and side relative to FIG. 1;

FIG. 3 depicts a sectional view of a broadband resonator
having the resonator insert of FIG. 1 and FIG. 2. 1s installed
in an interior of an air duct casing or an air inlet or outlet port
casing of a filter housing, consistent with the present inven-
tive disclosure;

FIG. 4 1s a radial cross-sectional view of the broadband
resonator, consistent with the present inventive disclosure,
section taken at the mass air flow sensor; and

FIG. 5 depicts a perspective view of a filter housing
showing the broadband resonator formed by and within the
filter housing with the resonator insert of FIG. 1 installed
within the filter housing, according to a preferred aspect of
the 1vention.

Skilled artisans will appreciate that elements 1n the figures
are 1llustrated for simplicity and clarity and have not nec-
essarily been drawn to scale. For example, the dimensions of
some ol the elements 1n the figures may be exaggerated
relative to other elements to help to improve understanding
of embodiments of the present invention.

DETAILED DESCRIPTION

Belore describing in detail embodiments that are 1n accor-
dance with the present imnvention, it should be observed that
the embodiments reside primarily in combinations of
method steps and apparatus components related to a space
saving broadband resonator configuration having a resonator
isert with radially projecting annular disk shaped walls
configured to close against an inner wall of a resonator
casing that surrounds the resonator insert. Consistent with
the inventive disclosure, an air duct or a portion of an air
duct or air ilet or outlet port of a component housing, for
example a filter housing, may preferably form the resonator
casing. Accordingly, the apparatus components have been
represented where appropriate by conventional symbols in
the drawings, showing only those specific details that are
pertinent to understanding the embodiments of the present
invention so as not to obscure the disclosure with details that
will be readily apparent to those of ordinary skill in the art
having the benefit of the description herein.

In this document, relational terms such as first and second,
top and bottom, and the like may be used solely to distin-
guish one entity or action from another enftity or action
without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The
terms “‘comprises,” “‘comprising,” or any other variation
thereof, are intended to cover a non-exclusive inclusion,
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such that a process, method, article, or apparatus that com-
prises a list of elements does not include only those elements
but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An
clement proceeded by “comprises . . . a” does not, without
more constraints, preclude the existence of additional iden-
tical elements 1n the process, method, article, or apparatus
that comprises the element.

FIG. 1 depicts a side perspective view of an example
resonator insert 12, consistent with the present mmventive
disclosure, cooperatively configured to install into the inte-
rior of a resonator casing thereby forming together a broad-
band resonator 10. FIG. 2 depicts another perspective view
of the resonator insert of the broadband resonator, the view
taken at an opposite axial end and side relative to FIG. 1. The
a resonator insert 12 1s configured to be received into an
interior of an air duct, or at a portion of an air duct, or into
an air inlet or outlet port of a housing, for example a filter
housing, or into the air inlet or outlet port or in the interior
of a filter housing or other component. Advantageously,
embodying the broadband resonator in the interior of
another present component advantageously reduces or
climinates resonator packaging space, especially 1 very
space limited engine compartments of motor vehicles by
“lhiding” the resonator 1n an interior of an already necessary
airr duct or air filter housing 70 without requiring new/
additional 1nstallation space.

The resonator insert 12 has tubular pipe 14 which 1s
clongated along a central axis 16 from a first axial end to a
second axial end of the broadband resonator insert 10, the
tubular pipe 14 having a circumierential outer wall 18 which
1s provided with a plurality of perforation holes 20 which are
spaced apart on the tubular pipe 14 and extend through the
circumierential outer wall 18 ito the interior 48 of the
tubular pipe 14. The interior of the tubular pipe 14 advan-
tageously forms a gas flow duct for guiding a gas flow
through the interior of the broadband resonator from the first
axial end to the second axial.

A plurality of annular disk-shaped walls 22 are provided
on, or preferably formed directly on and in one piece with
the circumierential outer wall 18 of the tubular pipe 14
preferably forming a unitary one-piece tubular pipe 14. The
annular disk-shaped walls 22 project radially outwardly
from the circumiferential outer wall 18 of the tubular pipe
(14) to contact against an interior of the resonator casing 32.
Adjacent annular disk-shaped walls 22 are spaced axially

part from each other along a length of the tubular pipe (14)
to define a plurality of resonator chambers 24 (for example:
24 A, 248, 24C) therebetween.

As can be seen on FIG. 1 and FIG. 2, preferably a first one
of the plurality of the annular disk-shaped walls 22 1s
arranged proximate to the first axial end 26 of the resonator
isert 12. A bell mouth 30 may be formed at the second axial
end 28 of the tubular pipe 14, the bell mouth 30 1s curved
and flared radially outwardly to form a low air flow resis-
tance, low pressure drop tlow guiding wall at the second
axial end 28.

As can be seen 1n FIG. 1 and FIG. 2, and later in FIG. 3,
the plurality of annular disk-shaped walls 22 each have a
different radially outer diameter, so as to close axially
against a respective stepped inner wall of the an air duct, or
portion of an air duct, or into an air mlet or outlet port of a
housing, for example a filter housing, or into the air inlet or
outlet port within the interior of a filter housing. The
differing diameters are critical to enable leading annular
disk-shaped walls 22 to clear steps 1n the inner wall and to
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close against the intended respective one of the steps in the
inner wall for form separate resonator chambers.

As can be seen best 1n FIG. 1, the resonator insert 12 of
the broadband resonator 10 may include an air flow sensor
opening 44 which extending through the circumierential
outer wall 18 of the tubular pipe 14 and into the air flow duct
formed 1n the 1nterior of the tubular pipe 14. As can be seen
in FI1G. 1, the air tflow sensor opening 44 may be surrounded
by a radially projecting circumierential outer wall 76 con-
figured to surround an air tlow sensor and the air flow sensor
opening 44 arranged 1n a spacing between the tubular pipe
14 and the mner wall of the resonator casing 32, 1.¢.: the air
duct, or at portion of an air duct, or into an air inlet or outlet
port of a housing, for example a filter housing, or into the air
inlet or outlet port within the interior of a filter housing. As
shown 1n FIG. 1, the radially projecting circumierential
outer wall 76 may be arranged on and may extend through
at least one of the annular disk-shaped walls 22.

As best shown 1n FIG. 2, the resonator insert 12 includes
a rotational alignment locking structure 52 configured to
engage with the resonator casing 32 and fix or at least limat
rotation of the resonator 1nsert 12 within the resonator casing,
32, advantageously to enforce a desired or necessary rota-
tional alignment of the resonator insert 12 within the reso-
nator casing 32. The rotational alignment locking structure
52 may include an indentation 54 formed into a radially
outer edge of at least one of the plurality of annular
disk-shaped walls 22, the indentation 54 configured to
engage a projection feature 56 of the resonator casing 32.
The rotational alignment locking structure 52 may further
include two axially projecting walls 38, spaced apart cir-
cumierentially on the annular disk-shaped wall 22 and
proximate to the radially outer edge. The two axially pro-
jecting walls 538 may be preferably positioned at opposite
sides of the indentation 34 (1f the indentation 1s provided)
and may extend downwards on an axial face of the annular
disk-shaped wall 22, 1n a direction away from the indention
54 and towards the tubular pipe 14.

As best shown 1n FIGS. 1 and 3, the resonator insert
preferably has at least one snap locking tab 60 formed on
and arranged proximate to a radially outer edge of the bell
mouth 30. The at least one snap locking tab 60 preferably
includes an engagement opening 62 configured to receive a
snap projection 64 formed on an inner wall of the resonator
casing 32 to axially lock the resonator insert 12 into an
installed position within the resonator casing 32.

As best shown 1n FIG. 2, the resonator insert 12 at the first
one ol the plurality of disk-shaped annular walls may
advantageously include a rib structure 66 formed on and
projecting axially outward on the first one of the plurality of
disk-shaped annular walls, the nib structure has radially
projecting ribs and may have circumierential ribs, the ribs
contacting against the configured to carry radially compres-
sive clamp loading from a circumierential outer rim 68 of
the first one of the plurality of disk-shaped annular walls (for
example see the FIG. 3 clamp 74 loading the circumierential
outer rim 68 of FIG. 2).

As shown 1n FIG. 3, the plurality of annular disk-shaped
walls 22 each have a different radial outer diameter, so a to
close axially against the an intended stepped inner circums-
terential wall 38 of the an air duct, or at portion of an air
duct, or mto an air inlet or outlet port of a housing, for
example a filter housing, or mto the air inlet or outlet port
within the interior of a filter housing. The differing diameters
are critical to enable leading annular disk-shaped walls 22 to
clear steps 40 formed in the inner circumierential wall 38 by
abrupt changes 1n diameter of the inner circumierential wall
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38 along the axial length of the inner circumferential wall
38. The plurality of annular disk-shaped walls 22 are sized
and configured to close axially against the steps to separate
the annular space between the tubular pipe 14 and the
stepped inner circumierential wall 38 1 to a plurality of
separate resonator chambers (for an illustrating example,
resonator chambers 26A, 26B and 26C shown in FIG. 3).
Depending on the frequency bands to be attenuated and
resonator chambers required, the resonator mnsert may have
any number of annular disk-shaped walls 22.

FIG. 4 shows a radial cross-sectional view of the broad-
band resonator, taken art the air flow sensor opening 44 FIG.
1, depicting the mass air flow sensor 46 projecting through
the air flow sensor opening 44 and into the interior of the
tubular pipe 14.

FIG. 5 depicts a perspective view of a housing, for
example a filter housing, showing the broadband resonator
10 formed within the filter housing 70 with the resonator
insert 12 of FIG. 1 installed within an interior of the air inlet
or air outlet port 72 of the filter housing 70.

In the foregoing specification, specific embodiments of
the present mvention have been described. However, one of
ordinary skill 1n the art appreciates that various modifica-
tions and changes can be made without departing from the
scope of the present mvention as set forth in the claims
below. Accordingly, the specification and figures are to be
regarded 1n an 1llustrative rather than a restrictive sense, and
all such modifications are intended to be included within the
scope ol the present invention. The benefits, advantages,
solutions to problems, and any element(s) that may cause
any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or
essential features or elements of any or all the claims. The
invention 1s defined solely by the appended claims including
any amendments made during the pendency of this appli-
cation and all equivalents of those claims as 1ssued.

What 1s claimed 1s:

1. A broadband resonator, comprising:

a resonator msert configured for installation mto an inte-
rior of an air duct casing or an air inlet or outlet port
casing of a filter housing, the resonator msert compris-
ng:

a tubular pipe elongated along a central axis from a first
axial end to a second axial end of the broadband
resonator insert, the tubular pipe having a circums-
ferential outer wall having a plurality of perforation
holes spaced apart and extending radially through the
circumierential outer wall,

wherein an interior of the tubular pipe forms a gas flow
duct for gmding a gas tlow through the broadband
resonator from the first axial end to the second axial
end;

a plurality of annular disk-shaped walls provided on
and projecting radially outwardly from the circum-
ferential outer wall of the tubular pipe, adjacent ones
of the annular disk-shaped walls spaced axially part
from each other to define resonator chambers ther-
ebetween;

wherein a first one of the plurality of the annular
disk-shaped walls 1s arranged proximate to the first
axial end of the resonator 1nsert;

wherein a bell mouth 1s formed at the second axial end
of the tubular pipe, the bell mouth flared radially
outwardly;

a resonator casing formed 1n an interior of an air duct, or
by the air duct or in a filter housing air inlet port or air
outlet port, the resonator casing having an interior
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chamber configured to receive the resonator insert, the
resonator casing comprising:
a resonator 1nsert recerving chamber radially outwardly
delimited by a stepped circumierential wall;
wherein the stepped circumierential wall forms one or
more steps, the steps formed by an abrupt change 1n
inner diameter of the stepped circumierential wall;
wherein the one or more steps are positioned to close
against an axial outer side of a respective one of the
plurality of the annular disk-shaped walls of the
resonator 1nsert, the steps cooperating with the
respective annular disk-shaped wall to divide an
annular volume of the resonator insert receiving
chamber surrounding the tubular pipe 1nto separate
resonator chambers;
wherein the steps and the plurality of annular disk-
shaped walls are positioned such that when the
resonator insert 1s fully received into the resonator
insert receiving chamber, the steps close against its
respective annular disk-shaped wall of the resonator
insert:
wherein the resonator insert further includes:
an air tlow sensor opening extending through the
circumierential outer wall of the tubular pipe, the
air tlow sensor opening configured to receive a
mass air flow sensor through the air flow sensor
opening and projecting mto the gas tlow duct 1n
the interior of the tubular pipe; and
a radially outward projecting circumierential outer
wall formed on the tubular pipe and surrounding
the air flow sensor opening.
2. The broadband resonator according to claim 1, wherein
the plurality of annular disk-shaped walls each have a
different radially outer diameter;
wherein the plurality of annular dlsk-shaped walls are
spaced apart axially on the circumierential outer wall of
the tubular pipe;
wherein the plurality of annular disk-shaped walls each
have an outer diameter, and the outer diameter
decreases from the first axial end to the second axial
end of the tubular pipe.
3. The broadband resonator according to claim 1, wherein
wherein the tubular pipe has a cross-section taken in a
radial direction relative to the central axis 1n which the
circumierential outer wall of the tubular pipe 1includes
a bumped-out section 1 which circumierential outer
wall protrudes further radially outwardly than 1n other
portions of the tubular pipe cross-section;
wherein the bumped-out section 1s configured to provide
space to align and position a sensing element of the air
flow sensor 1n a desired position within the gas tlow
duct.
4. The broadband resonator according to claim 1, wherein
the resonator insert includes a rotational alignment lock-
ing structure configured to engage with the resonator
casing and limit rotation of the resonator 1nsert 1n the
resonator casing, to enforce a desired rotational align-
ment of the resonator insert 1n the resonator casing;
wherein the rotational alignment locking structure include
an indentation formed 1nto a radially outer edge of at
least one of the plurality of annular disk-shaped walls,
the indentation configured to engage a projection fea-
ture of the resonator casing.
5. The broadband resonator according to claim 4, wherein
the rotational alignment locking structure further includes
two axially projecting walls, spaced apart circumier-
entially adjacent to opposite side of the indentation, the
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two axially projecting walls projecting axially out-
wardly from and extending on the at least one of the
plurality of annular disk-shaped walls, in a direction
away from the indention and towards the circumieren-
tial outer wall of the tubular pipe;

wherein the two axially projecting walls are configured
for contact against the projection feature of the reso-
nator casing to enforce a desired rotational alignment of
the resonator insert in the resonator casing.

6. The broadband resonator according to claim 1, wherein

the resonator insert further includes at least one snap
locking tab formed on and arranged proximate to a
radially outer edge of the bell mouth;

wherein the at least one snap locking tab includes an
engagement opening configured to receive a snap pro-
jection formed on an interior of the resonator casing to
lock the resonator 1nsert 1n an installed position within
the resonator casing.

7. The broadband resonator according to claim 1, wherein

the first one of the plurality of disk-shaped annular walls
includes a rib structure formed on the first one of the
plurality of disk-shaped annular walls, the rib structure
configured to carry radially compressive clamp load-
ng.

8. The broadband resonator according to claim 1, wherein

the radially outward pI‘OJ ecting circumierential outer wall
surrounding the air flow sensor opening extends
through at least one of the annular disk-shaped walls.

9. A resonator insert configured for installation into an

interior of a resonator casing, the resonator 1nsert compris-
ng:

a tubular pipe elongated along a central axis from a first
axial end to a second axial end of the broadband
resonator insert, the tubular pipe having a circumier-
ential outer wall having a plurality of plurality of
perforation holes spaced apart and extending radially
through the circumierential outer wall,

wherein an interior of the tubular pipe forms a gas tlow
duct for gmding a gas flow through the broadband
resonator from the first axial end to the second axial
end;

a plurality of annular disk-shaped walls provided on and
projecting radially outwardly from the circumierential
outer wall of the tubular pipe, adjacent annular disk-
shaped walls spaced axially part from each other to
define resonator chambers therebetween;

wherein a first one of the plurality of the annular disk-
shaped walls 1s arranged proximate to the first axial end
of the resonator insert:

wherein a bell-mouth 1s formed at the second axial end of
the tubular pipe, the bell-mouth flared radially out-
wardly wherein the resonator insert includes a rota-
tional alignment locking structure configured to engage
with the resonator casing to enforce a desired rotational
alignment of the resonator insert 1in the resonator cas-
ing; wherein the rotational alignment locking structure
includes an indentation formed into a radially outer
edge of at least one of the plurality of annular disk-
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shaped walls, the indentation configured to engage a
projection feature of the resonator casing; wherein the
rotational alignment locking structure further imcludes
two axially projecting walls, spaced apart circumier-
entially adjacent to opposite side of the indentation, the
two axially projecting walls projecting axially out-
wardly from and extending on the at least one of the
plurality of annular disk-shaped walls, 1n a direction
away from the indention and towards the circumieren-
tial outer wall of the tubular pipe; wherein the two
axially projecting walls are configured for contact
against the projection feature of the resonator casing to
enforce a desired rotational alignment of the resonator
insert 1n the resonator casing.

10. The resonator insert according to claim 9, wherein

the plurality of annular disk-shaped walls each have a
different radially outer diameter;

wherein the plurality of annular disk-shaped walls are
spaced apart axially on the circumierential outer wall of
the tubular pipe;

wherein the plurality of annular disk-shaped walls each
have an outer diameter, and the outer diameter
decreases from the first axial end to the second axial
end of the tubular pipe.

11. The resonator 1nsert according to claim 9, wherein

the resonator insert further includes an air tflow sensor
opening extending through the circumiferential outer
wall of the tubular pipe, the air flow sensor opening
configured to receive a mass air tlow sensor through the
air flow sensor opening and projecting into the gas flow
duct in the interior of the tubular pipe.

12. The resonator insert according to claim 11, wherein

wherein the tubular pipe has a cross-section taken in a
radial direction relative to the central axis in which the
circumierential outer wall of the tubular pipe 1includes
a bumped-out section in which the circumierential
outer wall protrudes further radially outwardly than 1n
other portions of the tubular pipe cross-section;

wherein the bumped-out section 1s configured to provide
space to position a sensing element of the air flow
sensor 1n the gas flow duct.

13. The resonator insert according to claim 9, wherein

the resonator insert further includes at least one snap
locking tab formed on and arranged proximate to a
radially outer edge of the bell mouth;

wherein the at least one snap locking tab includes an
engagement opening configured to receive a snap pro-
jection formed on an 1nterior of the resonator casing to
lock the resonator 1nsert 1n an installed position within
the resonator casing.

14. The resonator insert according to claim 9, wherein

the first one of the plurality of disk-shaped annular walls
includes a rib structure formed on the first one of the
plurality of disk-shaped annular walls, the rib structure
configured to carry radially compressive clamp load-
ng.
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